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MATCHING THE RF QUADRUPOLE BEAM TO THE DRIFT TUBE SECTION IN THE FM]T ACCILERATOR®

G. P. Boicourt, R, A. Jameson, R. S. Mills, AT-4 (MS B17)
Los Alamos hational Laboratory, Los Alamos, New Mexice 87545

Summary

The beam producec by the Fusion Materials
Irradiation Test (FMIT) radio frequency quadrupole
\RFQ) accelerating structure must be matched to
the drift-tube linac (DTL) structure that foliows.
Because minimum beam spill is a primary concern, a
matching criterion that considers the beam eages
as well as the rms properties is neecea.

we flarea the RF('s vanes and adjusted the
strengths of the first four quadrupoles n the DTL
to achieve optimum performance dowriStream. Numeri-
cal methods usea to set the Quad gradients, and
some enperience with various matching criteria are
uescriped, The match achleved 1S fOorparec with
matches oLtanea by other methods.

Introguction

Tne aeuterun heam emerging from the FMIT RFG
nustl be ratched tc the folloming oritt-tute sec-
tior. To save space the match 15 accomplished Ly
using the tirst four quaarupoles of the darift-
tube section; no attempt is made to improve the
longituginal metch,  bBeam sprll 1s of overriding
importance in FMIT because hanas-on maintenunce 1§
Ogesired. Hence the Quality of the match 18 mgnly
important. Tne RFy output beam is no: inherently
matched to tne arift-tube section for two reasons.
Farst, the focusing period 1n the RFy s gr, while
1t 1y ¢ed an the drifi-tube sections. Second, the
Lransverse beam dimensions in the kFY cannol be
expected to be those that produce the best beam 1I1n
the accelerator's downstream section.

The FRLT UIL design is based on an assumed KFy
Vutputl beai having the nominal parancters; ¢-Mev
energy U.LUb Cmemiag unncrmelized transverse totel
e11tlance, in poth a a1l y, o¢h phase spreau; and
U.c~keV  enery) Spread. The synchronuus phase 14
tapered trom -40° to -30° 1n the first 29 cells,
then held constant., The accelerating gracient 1s
constant at 1.4 My/m,

Pernaps the most usual matchine method would
Le to malch the rms Lourart-Snyder e's ans p's to
the requirements of the LTL at & particular point,
This was aone, but the tutal Ledn s1ze obtavney was
unsetristactorily large.  Using more nfurmatron
sbuul bLesm perturrance over a whele section ¢f the
duwistream bLlL resulteg in @ much smoother match.
Alsu, Ly wncluding manimym beam 5.ze 45 part of the
criterion, we were able, 1n sinulatron studires, to
achieve a4 snaller manimum-beam siZe with little
change n the rme properties.  The procedure and
s0a observatiury on esperience sith 1t will be
presented belom.

Ine Prycedure

Ut course, the first thing tu do Vs tou prop-
erly define the “uutput™ bean. from the RFQ.  Tniy

*aurn  performed under the auspices of the US
liepariment of Energy.

beam should not be the RFQ's entire output but only
the part that represents the part of the beam that
is "good." We exclude any particles with energy
too far off the synrhronous energy; that is, parti-
cles with no chance to transverse the DIL.

We took the basic assumption that any bear
property chosen to make the match must experience
a8 smooth transition, without wide excursions, fron
the entrance of the DIL to the point in the DTL
where the matching may be considered complete. The
criterion tor matching was baseo on a group of bear
properties in the cells downstream from the matcn-
ing quaads.

h least-squares optimization approach s usec.
Let there be m properiies 1n & given cell trat
w1l]l be used to ocetermine the match, ana n Jiwn-
stredr cells in which these n prcpertieS are to L
optin zed. We tnhen have mn properties, P(u\j . Fyy,

l < 1cmn, to optinize. Sclect a smocth tunction
fuv)y e wem 1 even), tc which the U

bean pruperty 14 te be fitted. Unly tne gerneral
furr ot this functiun is selectea, (for erarjle,
Ihneur) . lts parameters will bLe deterrineg by e
n values ot the wth property and the functiuh so
dgeterminra then will be used to determing tme
gesired values of Pyo). Thus we farst pass the

beam through the matching section and throcugh the
n downstream cells to (ing the an properties,
Piw)e a0 the least-squares fit to the targ.t

functions £ (v). From this wre oserive a4 S0t ¢!

mn dediations of the properties ftrum their dusired
values, &, =Py =~ f (v]. Llel u; be the wergrt 1

be yiver: to the wth property in the vth celli,
we define the vecClor d Ly

ot . (W)€ eees @rdyacey wmr bry) o

The bean 13 then passed through the  syste”
repeatecly, eath time with a predetermincg chrarg
i pne of the first A Quadrupiles 1o Lhe ratitar,
section, Lo gel the partial derivativer.

‘i,'ﬂnﬁ P legenm lover
AUJ DUJ

O wyy = uydyy, where oy Iy the werght Lo I uivee

the Py property.  how define the vector of guara

pole yradienl changes by 7L (8G). vouy Bipr @ty

the mn 2 m matrin A = Lay,). Then wi car sclve the

matriz equetion Aay e d for the required quadr .. i
changes in a least. squares sense.

After solutton for aQ, new values of tne firgt
m Quads are obtained and the entire prucess Yy re
prated. The f1teration contlinues until suitalle
tunvergente 1y obtained,

The above completes the prutedure fur firding
the 1nput DIL quad-upole settings. Huwrver, more



was done to accomplish the match with the RFQ. We
founa that some of the matching section quadru-
nole strengths were higher than desired when the
RFQ maintains a constant dimensionless tocusing
strength, B, in its accelerator section.' We knew
that an increase in beam size between the RFY and
the LTI was required, because of the aoubling in
the transverse periodicity. Yo accommocate some
of this before the natching quads, we flarea the
accelerating section of the RFG slightly ang founa
tnat the required graocients in tne DTL matching
quads aecreased. Such flaring has become part of
the present proceaure. Figure | shows a plot of B
versus the UTL matching quad strengths,
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Frg. b, Flot of reve ot ratching quadrupcle grg-
Cler by versys the d1tensicrless fucuding
strengtn, b, b e« 5.: was Chosen.

Lhe v of Ivtt\nifun_‘lu.ng and merghts

The cnheser set of matching properties (on-
S1sted 0f iy watst, roy bultl, ATyt walsl . ang
mgx gl bust an <7 celly domnstream of the fuur
mLlerang guads.  This correspounds to one property
for eath lransverse Coorainale, Ly acjusting the
weighis assigred to the variuus propartaes, the
it luence ©f any one property can be emphasized.

Several funttiony were tried to €1t the lea-
propertivs.  The farst was & straight line, A
stragnt line viulates the smupth Change c(riterion
at the end of the set of celly whose properties
Jdeterimine the mateh ang, altheugh thiy crscontii-
Uity should be small, U sppearec to be sufficient
te affect the bear quality dwuwrstream. Ar esponen-
Tial taper faried because of numerical dhftficaities
exaluatling eapunentialy with large oegative argu-
ments, The fina) chotce, whith produced a smoOth

Feani, was a parabola e & * bz * ¢,

Any chosen beam-property tunction can be made
to "push” on the bLeam Ly *he profer cholce of 1ty
constants auring the iterationy., Thus, {f we want
Lo make the pbeam smal'mr we nultiply the beam-size
function constanty from eah pass (by & numper «l)
before using them for the neit pass; we used Lhis
methed \n making the match,  The multiplying number

was chosen as t =« 1/(1 * k/1), where | is the num-
ber of the iteration and k a constarnt entered into
the code as input data. (k « 0.1 is good for gquick
movement in early stages, k = 0.00) is sometines
ysed if the beam is thought to be close to the
minimum size.)

Tne choice of n, the number of cells in which
criteria are to be met, was also examine¢ over a
range of n =« 7 to 1, = 47. In general, ihe rcre
cells used the better the match, as juaged by tne
beam profile; however, the improvement obtainec L,
using more than 27 cells was not great. Because
the code running time is a linear functiorn of tre
value of n, we chose n = 27.

Weighting was done so that

( ) hmaﬂ + Bman
*
have have
was Letweer 0,75 arg 101, (n = walsl, L = t_¢v

RIS And DUSts were asCillimaiiy melymiel ¢ Ut
€acr raJd an equal efrect or tre prosler,

Expertence mith the Tegrrgue

me COrfared Several pessilic ways (° Taeir.
the matcn betmeen the kFQ arc the 7L, These cecer
are described below and summarizec r Tatle . Fo-
brevitly in the descriplion anc 1n the tatle we I'aae
use of the iollowing definitions.

RFy Input to the UTL refers to 2 starcary Set
ot 5:7¢ particles generated by passing ar rnitaie’
set of 6ULL particles tnrough @ ngrertcal si1vuies
tior of tne FMJT REQ. Particles emerging tvi tre
Kby with enercies »U.09 Meyw belom the Syritiv o .
eneryy were excluded. This 1M1l was specitice
chosen so that no perticles would be lost auring
the matching, Thiys maxe: the folloming corpara-
suons more straightformard. (ln wur actuas BN
gesiyn, we have usSed & SUTewhal More elal.rate
(riterion.)

uriters Input refers to a set of range” par
ticles generates by ParMica urrfourly an prav
space Lo have the same rry pripertics a5 the KE
heam,

Lases lh and 1k In (Case TA tne REL 1epl’ mas
userd -O_I_I the mat.h was determingg using rey n2int,
g busl, mdninur watst, ang maair,t o pust e
o.mnstrear cells, (ase |b may the sare except tnaot
a werght of zero was assigred o Ine ravitgr
values.

{ases dih and iiB: Tnese Lm0 caseS paral’o’
{aves J& ang TH, UrfOrT ANPUL wdt used 1PSL g
of REQ raput.

Lese 1110 REQ 1oput was usea e fand guaur
pule Seltings that would result 10 matihed va s
of ay, B, ay, 8y at the end of (el) 4 ot tne [0,

Rith Intense beams, 11U s nol trivial Lo delernies
the ellipse parameters precisely. We started wit?
a's = U and caleulated 8 values fror the ervelep
tquations,; then adjusted the a's Dby trial ar
e rrur.

(ase Iv: Temis 4y the pavallel case to Lase
11 TUniTorm tnput wat used to find the naten to
the same a's and a's as Case [11.



Table 1

DESCRIPTION OUF MATCHING CASES

Case Input Max Weight Match To
1A RFQ ] 27 cells
16 RFQ 0 27 cells
11A Uniform } 27 cells
1B uniform 0 27 cells
111 KFQ - a's, p's
v Uriform - a's, 8'S
VA Uniform + extra 1 27 cells
VB Uniform + extra 0 ¢7 cells

Cases VA and VB: These tw0 C3.8$5 weére used
to examine tne effect of weighting on a few par-
ticles placed well cutsige the bunch transversely,
A uriform inpul was used, with matching to the rms
angd to the marimw: busts and waists in ¢7 domn-
strean cells.

A1l rases represent possible methoas of match-
'ng. Lase IV 15 perhaps a standarg techrigue.

we used twL Criterda to juoge the quality of
the matcn, First, the beam must he “smeotnh," with-
uul laerge cranges 1n si1ze in or after Lhe natching
section,  Smeothness can be Jjudgeod by looning at
prutarles ano can be Quentized by calculating tne
stanuard deviation (o) of the MAxInuT and rms ragn
of the bear as 1t par<es through all the cells ot
the UTL. The secong criterion usea was bear Size.
Tmis 13 quantized by calculating the average maxi-
MUt radius, Fmax, 4n0 the average rms ragius, Tprpg.

For dgirect comparison of Lases I|-1v, we passed the
REG st beanr tnrough the entire UTL end Caicu-
latec those gquantities, i (ases VA iri Vb, where
we were nlerested only in seeing the eftect of
weéighting the maximums, we uSed 8 uniform input
supp lerwented by halu partacles.

Tatle 11 sumrarizes the results cobtarnec for
the eight cases.

Tatle I

CUME AR JLUNS Ub MAT O TG LRSS

(ot 14 I He b
as 1. cUbY 1.c0&/ 100! 157464
ATy (VIR EVRTA U.lued L.e5e/ u.2l46
.y (VI LV Y G.oet lu [VIRV L RRS
evr Ll (VRVEVLE T (V9 7 VIV U3y O R VIR VIV IV . T R VA VIVIO PR
LRt 1l Iy var voee
rman 1. 39b¢ 1.5%601 1.5541) 11198
°lrm51) V.34 U.ey/lu 0. 3393 U.¢671
s U.0Ld [VIRV VEIVR 0.0léco v}
M'm‘) L. LY, U.ouU/S Labulelu  L.OulbL

‘Cases YA anu vo (an be coumpared only with eqch
olher.
**artycles lost tn DL,

Cases lA and IB are clearly the best of the
six comparable input cases. There is negligible
difference between Case IA and IB. Qur experience
suggests that this is due to the deliberate exclu-
sion of particles with energ’:s >0.09 Mev below
synchronous energy. When particles of slightly
lower energy are kep., the mogerate use of a maxi-
mun weight seems to give a smaller rp,, than tne
use ot the rms values only.

Comparison of (Cases IlA ana IIB shows tnat
when uniform ingut is matched to 27 downstrean
cells, there is some slight advantage to using the
maximum values as well as the rms values. (Ubvi-
ously a wuniforn. approximation to the RFy input
gives neither as snall nor as smooth a beam as true
RFQ input. This 15 true even when the match 1%
mage to the a's and g‘s needed at {e¢ll &, as seen
by comparing Cases |ll ang Iv; tnerefore, tr.
distribution shape can be mportant In achievio g
the best match.

Comparison of eivtner In or lr tu Case 1]
shoms that mitching to a single set ot a's arg ¢’
results 'n a beam substantially larcer v nverelds
s1ze and somewhal larger 1n rms $12e. [t 1n ol
rol nearly as snooth.

The effecl of using or not usirg TRC masi .-
values when part-cles are well gulerce it
expected input is exarined 1n (ases v oavd o,
From Tavie 11, 't appears that using only the roe
values (Vb) produces o smailer and smecthar bLear.
However, 1n this case, the "halc" we introcuCen was
lost 1n the DTL,; whereas, whern the mazrima were utesd
in getermining the match, these halo particles were
transported through., It has been noted at LA
that rms properties alone are insufficrent 1t
achiesr the Jowest pean 10%y; because thrs teor-
niquer sc-dles halo particles, "t nay prove vse'll,
pruvided adequate measurements on the DIL can L
nade.

]
[

Conclusons

M have descriped the leasi-squares melnhod we
used to match the FMIT REG bean to the LYol m
have (rmpared thiy method witn other methody trat
vse approaimate partaicle gistrinutiors, or et
itoriatyon, and we have shown that our metno)
results an & smaller, smgutner beem whir. hal,
varticles are fgnored, we have Shown that the
nethod +s capadbie of previding a match that ra,
allom malo pasticles to troverse the LTL.

ine most convenient feature of car melh
that 1t iy uynnecessary to determine, a [rigr:,
erther the priorities of the RFG yrputl besa= or U
Relessdry Lroperties of a guut UTL bea™ to rans
the  tatch  becaust  the delerminatior  of  trhe o
properties s amplicat an the methya.
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